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(54) DESIGN METHOD FOR NETWORK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To design a network 
satisfying a requirement capacity while coping with a 
failure/load fluctuation by obtaining an optimum 
solution through the use of specific functions and 
restriction conditions. 

SOLUTION: A network model is built up with 
variables of network topology, a pattern to designate 
a failure location, an active path (e.g. a path 31) and a 
standby path (e.g. paths 32, 33) for each time zone of 
an OD pair (e.g. a pair of nodes 11. 13) and a required 
capacity for them. The active and standby paths 31 , 
32,... used by the OD pair 1 1, 13 or the like are 
decided at a desired time zone by using an object 
function to minimize the cost resulting from link 
capacity under the condition that the capacity of 
each of the links 21 , 22,... is in matching with the 
capacity assigned to the paths 31, 32 contained by 
them. The problem is solved as a mixed integer 
programming under the restriction condition of the 
use of a same path when the active and standby paths 31, 32, 
or the like are not affected by a fault of the network. 
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(54) mmo^m ^yhu—t^omm:^^ 

(57) [S*^] 

«^^-r^-?/ b (NT) 

S i c i e ^ ^ fi: 1 1^ ^ ^ ;^ =^ ^ ^ ^ ^ ^ ^ "t" *i ^ t 
^7:^ ^ ^ ^ g 1 1 V ^ PI 1^ - ^ ^ X ^ >K ^ r ^ ^ ^ ^'J ^ ^ 



— A 1 



A2 



A 3 



1 

OD^T (Origin and Destination pair) ^^g^^ 

(7:>J^S?rStt^ ^-ofltjIB^^-^^^i^^S^tS^- ^ ^ ^^^^ 
=^ V ^ ^-g- >ffi ^ H ^ r ^ ^ ^ 

>RB ^ ^ ;^ ib^ ct I/^^B^ ^ :^ l-^-r ^ ^ ^ ^ 1: =^ « ^"t- ^ f 'J^ 
<J: P$ S ^ ^t:^ ^ # /hffl ^IS ^ n ^ » ^ 



2) 4#M¥l 0-107796 

2 

^m2(D^'^ yYV--^ ^^^f^cCb. 

O D T ^ ^ ^ ffl 6 ^ ^ ^ ^ ^ ^ I - ^ ^ ^ ^ ^ *^ ^ 
b. 

b. 

^I5# o D --^ r ;$)^^>^ -r ^ ^^i^ ^ t-f 'J ^5 ^ T ^ t ^ 
SiS^l: b 7^ fit i: ;^ ^ r ^ ^ i: r ^ IS 1 

[0 0 0 1 ] 
[0 0 0 2] 

q:-!!, 12, -15) i:. Vl^^ (^^^21, 22, 

-2 6) k. f)-i>mf&^h^. #y-Kji. ^^:^^^m'^ 
[0 0 0 3 ] m^^mm^^t. mpL}ty^:^3 3}t/- 

Kii. 1 3 tcj:oT^ffi^^. 2\C^oX^ 
m^ri^^o ^fc. /^;^3 3Ji:. P>':J^2 1. 2 2tClR^ 

[0 0 0 4 ] K 

^^\C ro D (Origin and Destination) -<Tj i 
[0 0 0 5 ] :^^y b !7-^=Jr«iSr^^TOy — K^^ 

v^ft y ^-^ icpgS;5^^^brw^v>:E^t^Mtciov^T. 

tfll4tc^%^r. y — Ki i> 1 scooD^rxn. 

3 1 t^'^m^'^^X'^^o 
[0 0 0 6 ] y>'^. ^^>^v^tl^^^^4'/Fi-t-^ / — K;?>^ 

5^? ^'J^f^^4iciov^x. y — Kll. l3 00D-<r 



(3) 



10-1 07796 



[0 0 0 7 ] ^m^'^^^^^-^y h 9-^<^m%<^^^'^^ 

[0 0 0 8] 34iir;^^^^gy^/5^ — ^-CDfflT* 10 

[0 0 0 9] rr-c. b i: oD-<rrflT^7:)g* 
[0010] r b — i>ia:tf::^^fe^7:5^A&*S« 

^ Urji. m7L\t:^^ ( "Robusttraffic design for ' 
dynamic routing networks," IEEE Proceedings o 
fINFOCOM'91, 1991, pp. 508-514) ^IC^^H 20 



[00 11] - ^^Pp1®=^^5t^br^:fc^^^^IS-§-^-OV^X 
[0012] • m= 1 , M : D :^^{cm^^-^o 

•jk=l> J k : OD^r k >6^^fl3f 

3(OOD-<r7b-mmir^y^:^<Dm^tL.X\t. 3 
1 . 3 2^ 3 3 t'^-^^f ^^^o 

[0 0 13] ^ 5 = 0 : ^J^cOIE^t^figlCS^ 
•s=l> S :^^yhV-^(0^^m^mkCML^X 

[0 0 14] ^^^^'^J: 5t-^^-r^o 

[0 0 15] • wn,= y >'^mcom>li§^:ic^^fc0^?5=3>^ 

ho 

• f m^ = *^^^s-ry >'^m;6^S'^cO0^1 . ^^<^S#0^ 
mx^^ 2MV ^^P^^^^it^t^ s tCib^V^Tfi. f ml^ = 

f m2^= O-r^^lp . tec^M- 2COy f ni^= 1 ^^c^ 

idK^ (1) ooi: 5 

[0016] 

[»1 1 



Vk 



S, k=l. 



Jk) 



••-(1) 



[0 0 17] • j : OD-^Tk;i)5^^ffli-^mffl/^ 

[0018] ^fc. ^m^l^<02i ^{C-^^T^. 

[0 0 19] • c jk' : tttlsT-^^;^ j ],{C%^]^mX^^ 



[0 0 2 0 1 Jt^Jb<^fs-§-^fflv^r. '^^^(Dm^^-y V'P 
— ^ <Dm%\-:^Wi\^^^^X\t. (2) (6) T-^ 

[0 0 2 1 ] 
^0 [^2 1 



5^? 



(4) 



Sf^mW-l 0-107796 
6 



minimize 



•(2) 



subject to 



K Jk 
]c=l jk=l 



(s = 1,—, S,m= l,-^M) 

•■•(3) 



Jk 

jk=l 



S) 
■(4) 



ym^o 



(m= 1, -.M) 



[0 0 2 2] rr.'C. ±5^ (2) }t. 

[ 0 0 2 3 ] ±^ (3 ) ji. i^^Kum^ri^'^'^^ 

[0 0 241 ^fc_b5t (4) *ts ih^ou-^rt'^mm-r 

[ 0 0 2 5 ] L^x V i^i^^^TbmfY^i^ft^-y 

[ 0 0 2 6 ] -^wt*. ^ y ^/^^sCJiJ^^x.?? 

[ 0 0 2 7 ] f^^:t- ^ — :5?iSff:^&t^t^*S^t^t 

^i^S?: • ^^mm:^^} .1 9 9 5^ft^^S*BW^s s 

E95-1 24. ^49-54 H) \C7T^^tl^^ 5 t-. 



m i n 



"X" 

Z 

k=l 



•(5) 



•(6) 



\Bih^j:^'':^i<<om^^^^^ ::tb<^^it^Mf^*5i:o^#y 

[0 0 2 8 ] -<0?^m^^^^t'r^f^i^\^^ ^IC^^L 
[ 0 0 2 9] • ek°^^ ; OD-<Tkd^IE^tt^s (- 

1, S) t^^^v^-r ^^^-^^^^^ y ^'^mlCiR^^^X 

[ 0 0 3 0 ] ]iL±(DU-^^m^X. '^^(D^krn:^^ y V 9 

'"Oib^J:U^ek'"^?r^^h:^'^. (7) -Cff^^^^ffi 

[ 0 0 3 1 ] 
[^3] 



.mO 



V -f- 



s=l.-".S 



[0 0 3 2] 



"X" 

Z 

k=l 



, HIS 



'(7) 



(5) 



[ 0 0 3 3 1 (1 ) mi ^oPpljH.'^f^i. i"^ 
^ §: 1 1 ^ 1^ CO # / ^ CO ^ # X. *J ffli ^ 1» ^ I - =^ce 

[ 0 0 3 4 ] -^cO^d^Jl. 'i}^^(DS^m^-y h 9-i^com 

[ 0 0 3 5 ] (2) m2<o?^^m^.n. 

[0 0 3 6 ] mffl^^^^riR^-r^colCi^.^ 
f^^^^t ^^;b^P#r^^^ K ^ ^ VMI ^rfS] J: o r m ^ 
[0 0 3 7 ] *:^±|Bbfct^^*<^f^^^^iy b v — ^o:>m 

[0 0 3 8 ] (1 ) (^Pp^jg.^^ bTf^. 

[0 0 3 9 ] ^<Dmm^. ^tfPpiMtciott^ ge^r^m 
[0 0 4 0] (2) %2<omm.^^\'t. m^m^^mc^'o 

[0 0 4 1 ] -^co^s^Jl. mffl^^^i^"<ttr^if^^^^^^l^ 
[ 0 0 4 2] \^tLi)-^X:^^m^. JilS^ifejfeS^ScoPplJli 

[ 0 0 4 3 ] 

i^^^^(D%\o:>%yYV — ^m.V^-)3'& (fi^^ii# 



0-107796 

8 

co^.?pH-^co y <^g^^^x.?'ctv^^ h^^^U^^ 

^ <:0^^ ^ S ^^c^ V ^ llffi^ -r ^ ^ t ^ ^^*J^ ^ 

(0 1 o^^^t" 2/:7"A 2#es) , •^cr^^lcSov^X. 

lot b<li«^^^"!^^'^''^t^*^'t-e (HIO 
;^!.7'^:;^A3#^J o 

[0 0 4 4] ^^5B<om2(7:):i'^5^ YV — ^W^^'^ (ft 
*:^3#.0S.) Ji, ffitS?M^S^fmPp1S;6^ ^OD-<r 

(OPatC*5tt ^ft^hfflT^^^tl.^ 
^^^S^ojtS^^^^t br^^s •=f^i6^x.i^ti.:fey 

[ 0 0 4 5 ] *^0J(^m3 co:^^ b V — ^W^i^m (IS 

*^i4#RB) fi. ^^y Yv—^o^w^^m^^'^'-xnm 
d^^^bfcy^^^. xJt^^^^^^b^ty- Ktc^^^r 

ey v->^|^v>r-C^ b 7— :^^ff;fet-IE^it^^ 

tcfe^ll2o^^?/ h^ — ^^^^'ct b. *tjiam2co^. b 

fs:^^?/ b 7-:?'c^P^^^^J^l^^§:^t^oD-<r;6^>(^ffl•t- 
^^«^a^7:>aS^=lr^^^-^^^ '^U%2(r>^-^y YV- 

[ 0 0 4 6 ] :^mm<owim^^i^^T{cnmi' ^mm 



9 

o D T ;6 ^ >K >^ ^ m ^ ^ 5: ^ ^ ^ ^ ^ ti. ^ ^ 
^jKtllcioV>r-r vy^^^^--^^^ rij 'Q-h^^'^:^^'^ 20 

I 0 0 4 7 1 ^^P^lCib^V^rii. ^0#raSr&. h C7 

[0 0 4 8 ] %f^s *:^0J^^^b*v^r fi. 1^— ooD-<r 

[0 0 4 9 1 ^^tc, *^0jic*5v^rii. ffi^S^*:^ 
S#:ff M PpI jS ^ K ^ -c^® ^ a ^ ^ o 

[0 0 5 0 ] 

[ 0 0 5 1 ] 1 (D'mk<DnWiZ.^\^xwi^^'t 



0-107796 

10 

T. is^t^ u< iim-^^0#p^s-r^oD-<r/&^{^ffi-r^ 
[ 0 0 5 2] ■^■r^ f^^M^^^-r^fc^^id. 

io V ^ r H j^Ji T ^7:>fB ^ ii;lJD ^ ^-r ^ o 

[ 0 0 5 3 ] • h = 1 , H : P^FJ^^tC^ ^#^o ^ 

^ P# Pfl S ^ t-* ^ ^ ^ ^ bT V ^ ^ c 

. 5 . X = y C7:)P#1 . X 9^= y t^P#0 ^Sr^^-O-^-r^ 
• dm: y V:^inlCiiJl9^-C ^S]i:^^rS^*o 

[0 0 5 4 ] Jei±c7?lB^^ffiV^-C. ;*:^§^cO|gl cO^m 

ft<^?^^^*fHiiPp1®^^tl-r6o ilU. ^r-Cft. * 

b^c?v^t>^oi pt^^^^->'ft-sy :/^ps§ 

[0 0 5 5 ] [ PpIM 1 ] : 

[0 0 5 6 ] 

[*4] 



(T) 



10-107796 



11 



12 



minimize S w-dji, •••(8) 
m=l 

K Jw 

subject to S E g^c^lls fSd„ (s = 0.-.S.h=l.-,H,m=l.-.M) 
k=l jk=l ^'^ 

•••(9) 

Jk 

2:r^l!=l (s = 0,-, S.h=l.-.H. k=l,-,K) -(10) 



oSJ^vSVSE (k=l.-..K.j,= l.-.Jk) 



-(11) 



sh^ s N Oh 
Cjk-^jk'^k^jk 

(s= 1.-. S. h=l. --.H. k= 1,-,K. jk= I'-' Jk> ■•^12) 



sh^ s Oh 
J" jk-^^jk^jk 



(s = I.- -. S. h= 1 . •". H. k= 1,-. K, j k= 1.-, Jfe) 



(13) 



sh^ Fh sh 
Cjk^^k ^jk 

(s= 1.-. S. h=l,-, H, k=l.-. K. ji(= 1.-. ^k^ 



(14) 



(l-^jkjk'>(l-^ss'>(l-^jk) 

^ s' h . - 



Jk 



dp^O (m= 1,-,M) 



(16) 



sh 



c i 



jk 



^0 (s=0,-, S, 1,-. H, k= 1.-, K, j k= Jk) 

"■(17) 



^jk=0 1 



(s = 0,"% S, h= 1,-, H, k= 1,-. K, jk= 1.'"- -(18) 



[ 0 0 5 7 ] r rr% ±5^ (8) i^^y \c%\\^mx 

[ 0 0 5 8 ] Ji^ (9 ) li, Sb5 y >'^lClR^^tV^''^ 
10 0 5 9 ] (10) (1, ^0#F^^^-t^ b C7-^ 

[ 0 0 6 0 ] _h5C (11) li. -^"^ j k^^^i.^-^"^^ ( r 



[ 0 0 6 1 ] Ji5t (1 2) fi. j k^^^^-'^^ (r 

/^:^jk^^iE^ (7Cj^=l) ^^ct^l^^J: vk^^^t'l*?^^-^ 
[0 0 6 2 ] 1:5^ (13) j k^^^^l^^^^^^ ( r 

[0 0 6 3 ] ±5^ (14) li. j k^^^- y VV—^ 

50 (rmmmMcii^^x\^m^^'h^ ir sy^^^D =^c^t?*±\ 



(8) 



13 



[ 0 0 6 4 1 (1 5) li. j k^^S.ffl^^^'^'^ 

[ 0 0 6 5 ] 
[^5] 



Jk 



[0 0 6 6 ] , ;i<^)ttl^ s.f^'^:^ j k' i'^^^^^ 



' h — 



20 



n 

m '€ {ill' ig5j^=l.D»' =^1^} 



^mW-l 0 - 1 0 7 7 9 6 
14 

1) 

[0 0 6 7 1 r 1 <7?^Jt^OJ^^^^^^?f^W ^ 1-X ft. 

(9) ^^^f^'Cfe^o 
[0 0 6 8] ^-f. >bcMstciBv^r. :lE«:/c? y ^-^^^m^ 

;5y ^^>>;6>/c^v^P#o i ^^^c^-T ^-y^-f ^-^^ ^ <f» jk^^^^'f 

:bt. -Mt^^ (19). (2 0) Tff^-Ct^c 
[0 0 6 9] 

•••(19) 



[0 0 7 01 -ni:^. P^pssh tt^Ms-cjE-^^^y [007 ii 

K Jk 



^ ms Oh 

k=l jk=l 



■(20) 



•(21) 



[0 0 7 21 H^Msi:. B^f^ffirhtCjb-V^XlR^-r--^*^^ 

^ m sh_^^ms Oh s 



c7?!gm^»*febJ^<eV-«'^lCfl. ^ (9) (2 2) 

[ 0 0 7 3 1 
[*8] 



( s = 0 . S . h = 1 , H, m= 1 , M) 



[0 0 7 41 (o% 1 (DmM<omm<om 2 <z>^mm\t. 



(0 0 7 51 
[»9] 



-'(22) 



(i-^jkjk'><^-'5ss'>(l-<^jkjk")<l-<^ss")(l-^jk'jk'>(l-<^s's''-> 



x{i-x?p 



Jk 

n 



x(l-^jk)<l-^jk'> 



Jk 

n 



7C' 



i^jk, jk' 



(s, s'. s" = l, S, h = l. •-. H, k = l.-, K, j j^. Jk'. jk"= 1 



\) -(23) 



[ 0 0 7 6 ] Z(0^}i. vmmh ©OD--iT ktCfc-V^ [ 0 0 7 7 ] 



15 

-Jk 



[ 0 0 7 8] [c^^. ::t^^^te s -c^^:^ j k' 

[0 0 8 0] :icomMs' x-y"^:^ j it^2^^i^^;^ 

m2^my^:^ 3 k'' A^iE^it^^ ( (1 - 7u jk^') (1 - 
ik'' (rjk'^'^=l) tv-^^i^^^ 

[ o"o 8 1 1 ^5cic. :^^m(D^i (omM<Dj^m<DM:Wm 

[0 0 8 2] — ^(:oh7Kn>^-i:. 

^^^mmcioif^. iEW:^m:^xu^mikmx<vm^^ 

A 1 ) c 

[oo8 3]^kic, rtt^cgo%^r_bfsPp^® i-r^2co 
^mi^^^,^^f^M^mm^m?^m^m'^\^xm< i:^ 

[0 0 8 4 ] -^b-rr coPpISi *fi|v^r#ibix^.^^^^ 

dm^y >':?'mlC#Jtp^re^St rjk^^=l 
i:?'ct^^^:^ j k^OD-<r kCDB^WSh tC:}b*^t^mffl^^ 

j k^^fc br^ft vk^^^i'i*? ^^-c^c 

[0 0 8 5 ] s (= 1 , S) IC>C^ bX. 

[0 0 8 6 ] 
[^1 2] 



(Q) 0 - 1 0 7 7 9 6 

16 

[0 0 7 9 ] 
[^11] 



[0 0 8 7 ] i /c^^^'^X j k^OD^r kCOP#P^=iFhtC 

Fh^gij^j ^^^^ 
[ 0 0 8 8 ] StC^^ s (= 1 , S) tCMbt. 

[ 0 0 8 9 ] 
[^1 3] 



jk 



jk 



[ 0 0 9 0 ] ^ j k^OD--^r kt^9#raSh 

[ 0 0 9 1 ] r 5> b-C. :*:^P^^omi 



JO [0 0 9 2] ^^m<^'B 2 <omm(omm\c-D\,^x 
(ox^^o *^B^^i^ m2o:>mi^<^j^MK^^^x. m- 

t. M—<onm^\c:s^^^x^oD^Tf}^i£m'r^^^y^ 

^^mmmt \^x^/H\:'r^u^m^f^m?^m^mt 

t^^^b. m.m^^^^^^xf'f^^y^^^^cwiKi ^sx ^--^^ 
^^mwc^^Mitvftmt<D^x^n'e^^:k.^ 

(H 20:^'7^^/:/B 3 ) o 

[0 0 9 3 ] ^nn. ^^^x.hi^fc^^mm<om^^^ 
[0 0 9 4 ] ^(Dm%^mm'k'^^i\:^'r^i^^<^u^\^^ 

[ 0 0 9 5 ] • d/ : y V-^J-nK^^lCo 

[ 0 0 9 6 ] r^tcj:*?. o D--^T k 
Sbov^ii z vk^^^^^^t")'^ b;^^^ ^ /5^*J*.^^f^ 

50 ^^%mm±it?^m\^^^^^n^m^^y^ ^ib^< 



(10) 



17 



18 



[0 0 9 7] 



^ fflO N ms F * 



[^14] 

(s= 1,"% S,m= 1,--%M) 



l^p 10-107796 



•{24) 



k=l 



t^J:^^tt-^(b>. rffi^Szllte^^x tlt^ffi-C^^^ 
[ 0 0 9 9 ] ^r-C. m^^<0^^^. u=l/zi:*5 



[0101] t^m^^ y by-^c^isfffi. 



ucjk^ (s = 0, -S) ^i^Tcjk^^ i^? 



*5<. 

[0 10 0] mi-fe^^t. dni*u 
(m=l, M) ^V^5i:5>t-^ ^x.'>>tT.:^y >'^^ 

minimize u 

K Jk 



10 10 2] [PBlffl2] : 
[0103] 
I^Cl 5] 



•(25) 



subject to S Z gjkc^k^ f Jdju (s = 0.-.S.m=l.-,M) -(26) 
k=l jk=l ^ 



jk=l -"^ 



(s = 0.- -. S. k= 1, -.K) 



•••(27) 
-(28) 



c jkvj r 5k(s = 1 . - S. k = 1 . K, j k= 1 . Jk) -(29) 
nk^^ jk^ jk = 1 ' S. k= 1 . K. j k= 1 . Jfc) -(30) 

k' 



c^k^ vjr^k (s = 1 ' k= 1 , K. j k= 1 . J k) -(^l) 



(^-'^jkjk'^^l-'^ss'^^l-^jk) 



Jk 

n ;rf 
.i#jk 



(l-^jk>^jk' (^"^'"jk'^ 



(s. s' = 1,-. S, k = 1,-. K, j k- J k' = -Jk) 



jk- 



0 (s = 0, -. S. k= 1. K. j v= 1 . ■ J X? 



■(32) 
•(33) 

•(34) 



rjk=0 or 1 (s = 0, -. S. k= 1. -.K. j k= 1.-. Jk) "(35) 



(U) 0 - 1 0 7 7 9 6 

19 20 

[0 10 51 -<om2(DmM<omm<o^i <D^mm}i. 5t (2 e) o e) -cs^m^-So 
^1 0>mm<Dmm(^^i<^mmitm\:'<. [oioei 

K Jk 

E Z (gjic°!k+^jk^jk ^^f^dJ^ (s = 0,-, S.m=l.-.M) -(36) 
k~l 

[0 10 7] m2<omM<Dmm<Dm2(ommmi-i. mi tt^ 02) \cM^x&.T<om^^^^i:M^^^ 
(Dmm<^mmtmv.<. 221; v^'Pts^#^.b:fc0#<^ 10 [010 si 

(l-«5jkjk')0-^ss')(l-'^jkjk-Hl-^ss')(l-^jk'jk')(l-<^s's") 



x(l- 



^!k) 



Jk 

n 

jk 



-!k')[. 



Jk 

n 

¥=jk, jk' 



n. 



(s, s'. s" = l,-, S, k-l, 

[0 10 9] r t7?^2(^^mtOj!^^CO — ^J^WIC 

[Oil 0].^-r> ^S^^iv b/J^ni;^— t^ 

yv^^:adn,* (m=l, M) 

[01 1 il :lt^^cSo%^T±tEPp1S2■c•m2 0 

T^-z^B 2) o 
lO 1 1 2] -^b-C#fe;H.fcfi?7i)-t>. rjk*^=lt^^^ 

[0113] ^felc. fc^ s (= 1 . s) tc^ur. 

[0114] 
[^18] 

jk" Jk Jk 

[0115] \ k^oD-<r )L<D%\^m^'^ 

j k^^ L-t. ^^;^R^0^l^*i^l:vk^/u*^liJt9^ 

[0116] fe^ s ( (= 1 , s) ic^b 
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[0 12 81 rr-C. Vk''=VkN (k = 1, -. K) -c 
[01 2 9 1 r (^^JSwfl^ffi'^ll 1 (omB^ili. ^ti% 
K Jk 
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